Sepsis is the commonest cause of neonatal mortality and is responsible for 30-50% of total neonatal deaths each year in developing countries. Neonatal sepsis is one of the commonest causes of Acute Kidney Injury (AKI) in newborns and it is associated with poor outcomes.
Introduction
Neonatal sepsis, is a constellation of clinical and laboratory findings associated with invasive infection during the first 28 days of life. IT is an important cause of mortality for neonates and remains a clinical challenge especially for asymptomatic infants. Neonates with SIRS have a spectrum of clinical symptoms that represent progressive stages of the pathologic process [1] .
Critically ill neonates are at greater risk of having AKI as they are commonly exposed to nephrotoxic medications and have frequent infections, which lead to multiorgan failure [2] . Acute kidney injury is classically defined as a sudden decline in kidney function resulting in derangements in fluid balance and electrolytes. Highly sensitive C-reactive protein might be helpful as a predictive factor of acute kidney injury in many situations beside its value as a sensitive sepsis marker [3] . The difference between CRP and hs-CRP is contained in the "hs" abbreviation: "highly sensitive". CRP traditionally measured down to concentrations of 3-5mg/L, whereas through changes in detection systems, hs-CRP measures down to concentrations around 0.04mg/L [1].
Neutrophil Gelatinase associated Lipocalin (NGAL) is a 198 amino acid glycoprotein encoded by a gene located on the chromosome locus 3p11. It was first isolated from mouse kidney cells infected with a simian virus (SV-40). The expression of NGAL rises 1000-fold in humans and rodents in response to renal tubular injury, and it appears so rapidly in the urine and serum that it is useful as an early biomarker of renal injury [4].
Aim of the study
The aim of this work is to estimate Neutrophil Gelatinase associated Lipocalin (NGAL) and highly sensitive C reactive protein (hs-CRP) as markers for early detection of acute kidney injury (AKI) in neonatal sepsis.
Patients and Methods
This prospective case-control study was conducted on 50 neonates admitted to the Neonatal Intensive Care Unit (NICU) with neonatal sepsis at our university hospital and 30 apparently healthy neonates matched for gestational age and sex a control group. This study was carried out during the period from (June 2018 to June 2019).
Sample size:
Where n is the sample size, N is the population size, and e is the level of precision. ** Inclusion criteria Neonates with sepsis (age 5-28 days) based on clinical, hematological findings and / or positive blood culture. Neonatal AKI was defined by serum creatinine level, serum NGAL and hs-CRP. Neonates with antenatally diagnosed renal abnormality, multiple congenital anomalies, inborn error of metabolism, Hypoxic ischemic encephalopathy were excluded.
 Septic neonates (GI) were classified into: Group IA: Newborns with neonatal sepsis and acute kidney injury (n = 27) and Group IB: Newborns with neonatal sepsis and no acute kidney injury (n =23). While the Control group (Group II = 30): Thirty healthy neonates from unknown matching with the cases as regard to gestational age, sex and weight were included as a control group. Ethical Aspect: The approval for this study was obtained from the ethical committee of the Pediatric Department of our University. Informed written consent was obtained from parents of included neonates after explanation of the aim of the study and its benefits for newborns. All neonates were subjected to the following Full history: Prenatal history (maternal fever, maternal UTI, drugs …etc.), Obstetric history (mode of delivery, gestational age, obstetric complications to the baby or the mother), Natal history (premature rupture of membrane, maternal fever, etc. ) and Post natal history included most common symptoms of sepsis (vomiting, poor feeding, failure to thrive, not doing well, fever, jaundice, convulsion…etc.). Clinical examination: Gestational age: using Ballard score, Anthropometric measurements (weigh, length, head circumference) and Apgar score at 1 and 5 minutes. Detection of clinical signs of sepsis e.g.: Respiratory dysfunction (apnea, signs of respiratory distress), Cardiovascular dysfunction (tachycardia, hypotension, prolonged capillary refill time, shock), GIT dysfunction (abdominal distension, feeding intolerance, poor suckling, hepatosplenomegally, jaundice, ileus) and Neurological dysfunction (irritability, Hypotonia, disturbed consciousness and convulsion). Laboratory investigations: A serum separator tube (SST) was used, 5 ml blood Samples were collected and allowed to clot for 30 minutes before centrifugation for 15 minutes at 1000 x g. Serum was removed immediately and samples were stored at ≤ -20°C. Repeated freeze-thaw cycles were avoided. 
Statistical analysis
Data were collected, coded, revised and entered to the statistical package for social science (SPSS) version 20. Qualitative data were presented as number and percentages while quantitative data were presented as mean, standard deviation and range. Pearson correlation coefficient were used to assess the relation between two parameters in the same group. P value below 0.05 was considered significant. 
Results
Creatinine levels, BUN and serum potassium levels were significantly higher in cases group as compared to control group (P<0.001) ( Table 1) . On the other hand this table shows that serum sodium levels, serum Calcium levels, blood glucose levels, HB% levels, and platelet count were significantly lower among neonatal sepsis group as compared to control group (P < 0.05) ( Table 1) .
Cases only were significantly associated with higher hsCRP, NGAL, CRP and positive blood culture ( Table 2) .
Levels of serum NGAL (sNGAL) and hs-CRP were significantly higher (p< 0.001) in the -AKI subgroup as compared to no-AKI subgroup (Table 3) . There was a positive correlation between NGAL and hs-CRP in septic cases with AKI (r = 0.33) ( Figure 1 ).
The ROC curve shows that Hs-CRP can be used to discriminate between AKI patients and non-AKI patients at a cutoff level of > 3.5, with 88.5% sensitivity, 95.6% specificity, 95.26% PPV and 89.26% NPV (Figure 2 ).
The ROC curve shows that serum NGAL can predict acute kidney injury (AKI) at cutoff point of (144 ng/ml) with Sensitivity of 100% and Specificity of 95.6% and accuracy of 98% (Figure 3 ). 
ROC curve between AKI patients & non-AKI patients as regard Hs-CRP

Discussion
Clinical diagnosis of sepsis in newborn infants is difficult because symptoms and signs are non-specific. There is no laboratory test with 100% specificity and sensitivity. Blood culture has been the gold standard for confirmation of diagnosis but the results are available only after 48-72 hours [6] . In this context, neonatologists and nephrologists have focused their interest on the clinical utility of certain novel AKI biomarkers including Neutrophil Gelatinase-associated Lipocalin (NGAL), a 25-kD protein of the Lipocalin superfamily that is expressed in several tissues including kidney. In humans, serum NGAL is very sensitive, early indicator of AKI in various situations, including sepsis, kidney transplants, and following nephrotoxic drug administration [7] .
In this study, serum levels of hs-CRP of (> 0.5mg/L) was present in (43) cases (86%) which were significantly higher in patients than controls (p = 0.001). This is in agreement with the study done by Abou-Hussein, et al [8] that serum hs-CRP levels in newborns with septicemia were significantly higher than those of control group.
There was a statistically significant association between hs-CRP and qualitative CRP levels (100% of cases with positive qualitative CRP, had positive hs-CRP). Positive CRP cases had positive blood culture results only in 52% of them. This is in accordance with study done by Boma, et al [9] who reported that 43% of positive CRP cases had positive blood culture.
Similar, study done by Abou-Hussein, et al [8] in Egypt, and included 51 septic neonates having positive blood culture in the same unit, they found that the sensitivity of hs-CRP in diagnosis of neonatal sepsis was 81.6%, specificity 100%, positive predictive value 100% and negative predictive value 77 %.
In this study, 54% of cases with sepsis developed acute kidney injury (as defined by serum creatinine level). Serum creatinine was significantly higher in cases group than the control group. The study done by Cruz, et al [10] showed that, in response to renal injury, increases in NGAL levels can predict AKI 24 to 72 h before diagnostic serum creatinine. Thus, biomarkers that increase as early indicators of acute kidney injury provide the promise of achieving early identification and intervention for those patients. Several studies have found that serum NGAL is a very sensitive and useful biomarker compared with early measurements of serum creatinine in AKI Cruz, et al [10], Shapiro, et al [11] .
Levels of serum NGAL (sNGAL) and hs-CRP were significantly higher (p < 0.001) in the -AKI subgroup as compared to no-AKI subgroup. There was a positive correlation between NGAL and hs-CRP in septic cases with AKI(r = 0.33). Highly sensitive C-reactive protein might be helpful as a predictive factor of acute kidney injury [3] . In our study, ROC curves analysis suggested that a serum NGAL cutoff value of (144 ng/ml) in neonatal sepsis can predict the development of AKI with sensitivity of 100%, specificity of 95.6%, and positive predictive value of 96.4% and negative predictive value of 100%.
Our results were comparable to the results of the study of Cruz, et al [10] which showed that serum NGAL at cut-off values of (> 89.6 ng/ml) had 100 % sensitivity, 92.3 % specificity, to detect acute kidney injury (AKI) in neonatal sepsis.
Conclusion
Hs-CRP was proved to be very useful biochemical marker for early detection of neonatal sepsis. Also, hs-CRP might be helpful as early predictor of acute kidney injury in septic neonates. Serum NGAL can be considered as a very useful biochemical marker for early detection of AKI in septic neonates.
